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An exper imenta l   inves t iga t ion  was made t o  determine the feasibility 
of using  hol low  turbine blades in engines   des igned   for   shor t   se rv ice  
l i f e .  A i r f o i l s  w e r e  fabricated frm sheet material and techniques  of 
welding  and  brazing  attachment were inves t iga t ed .  

- The a i r f o i l s  were not intended t o  be cooled. A p r i n c i p a l   o b j e c t i v e  
was the reduct ion  of s t r a t e g i c  material requ*ements primarily as a func- 
t i o n   o f  direct weight   reduct ion.  The mater ia l s   cons idered  were in the 
dens i ty   range  0.28 t o  0.31 pound per cubic   inch.  

Three materials were US& for a i r f o i l s  : R-155, Inconel  X, and 
L-605. These w e r e  attached t o  347 t u r b i n e  blade bases and  operated 
t o   d e s t r u c t i o n  at  maximum service condLtlons  of turbine speed  and 
temperature .  

It was found that L-605 a i r f o i l s   b r a z e d   t o  suitable bases satisfied 
the requirements assumed f o r  wendable engines. Service l i f e  Varied 
f r o m  ll t o  40 hours. 

A program  of  research has been i n  p r o g e s s  a t  t h e  NACA Lewis 
l a b o r a t o r y   t o  examine  problems  associated with the reduct ion of weight 
and s t r a t e g i c  material in the components  of aircraft engines. As a 
part of t h i s   g e n e r a l  program, the possLb i l i t y  of us ing   ho l low  turb ine  
blades and  l ightweight  wheels for   expendable 'engines  is being i nves t iga t ed .  

The specif ic   purpose  of  the exper imenta l   fnves t fga t ion  described 
in this p r e s e n t   r e p o r t  was the development  of 8n a i r f o i l   t h a t  (1) could 

materials; (2) that the s e r v i c e  l i f e  should be commensurate with the 
I be fabricated by standard  shop  techniques fram p r e s e n t l y   a v a i l a b l e  
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requirements  aasuned for an expendable-missile engine; and (3) t h a t   t h e  
attachment between a f r f o i l  and base should be adaptable t o  m y  of 
several lightweight wheel designs. 

The i n i t i a l  phase  of the inves t iga t ion  was the s e l e c t i o n  of mate- 
r ids  and  fabrication  methods.  A review of  previous work accolqplilahed 
i n  t h i s  f i e l d  ind ica ted  that a i r f o i l s  made from high-temperature alloys 
i n   ro l l ed - shee t  form would Satisfy the  requirements  (refs. 1 t o  3). 

Three alloys were se l ec t ed   fo r   s e rv i ce -ope ra t ion   i nves t iga t ion .  
The s e l e c t i o n  was based on publ i shed   s t rength   va lues  at e leva ted  tem- 
pera tu re ,   f avorab le   qua l i t i e s   w i th   r ega rd   t o   we ld ing  and braz ing  re- 
quirements, and availability i n   r o l l e d - s h e e t  form. 

A i r f o i l s  were made from these ma te r i a l s  and  attached to bases by 
s e v e r a l  methods of welding  and  brazing. The f in i shed   t u rb ine   b l ades  
were then  dnser ted i n  a standard  turbine  wheel and operated a t  service 
condi t ions of turbine  speed and gas  temperature.  

Engine operat ion was cont inued   .un t i l  a f a i lu re   occu r red  or u n t i l  a 
minimum service l i f e  of 10 hours had  been  achieved. 

D E S C R I P T I O N  OF BLADES 

The three materials se l ec t ed  f o r  investiga,t ion were N-155, Xnconel 
X ,  and L-605. Technique of forming t h e   a i r f o i l s  was t h e  same throughout 
the inves t iga t ion .  The suc t ion   and   pressure   s ides  of e a c h   a i r f o i l  were 
formed by die-pressing; separate d i e s  were  requi red  for  t h e  two s i d e s .  
The two s i d e s  were welded  along the l e a d i n g   a n d   t r a i l i n g  edges. After 
t h i s   o p e r a t i o n  had  been f in i shed ,  a cap w'as welded a t  t.he t i p  In   o rde r  
t o  p rov ide   s t i f fnes s  and t o  a l leviate  the effects of   v ibra t ion .  The 
configurat ion of t h e   f i n i s h e d  airfoil was simila3. t o  the shape  of the 
J47 t u r b i n e  blade. 

Details of b lade   cons t ruc t ion .  - Figure 1 shows an exploded  view 
of  the components of a typical hollow  blade.  Standard S-816 tu rb ine-  
blade bases were  modified to   p rovide   . a t tachment  f o r  the   ho l low a i r fo i l e .  
The s o l i d   a i r f o i l  waa removed a shor t   d i s t ance  above the base platform. 
The s tub   s ec t ion  was then machined t o  a shape  geometrically sFmilar t o  
t h e   i n s i d e  of the h o l l o w   a i r f o i l  base sec t ion .  In t h e   i n i t i a l  tes t ,  a 
s tub  height   of  0.25 inch  was used;  subsequently, a he ight  of 0.13 inch  
waa employed. 

A v ib ra t ion  damper of N-155, 0.050 inch in thi'ckness, was i n se r t ed  
i n  several of the b lades .   This  member was a c a n t i l e v e r  welded t o  t he  
base s tub .  It was intended that t h e  damper should be i n  con tac t  with 
the aides o f   t h e  airfoil. Coincident with etub-height  reduction from 
0.25 t o  0.13 inch, t h i s  damper was abandoned. 

Lo 
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A minor p a r t   o f  the design was the provis ion   of  a vent  in order t o  
4 avoid excessive p res su re   w i th in  the a i r f o i l  a t  operating temperature. me f i rs t  blades were vented i n  the t i p ,  b u t  it w-as found that this 

l o c a t i o n  w&s undesirable   because the small ho le  created a nucleus for 
cracks. A vent   provided i n  the b lade  base gave satisfactory r e s u l t s .  

Inves t iga t ion   d i r ec t ed   t oward   de t e rmha t ion  of an optimum airfoil 
wall th ickness  was limited in scope. The B-155 a i r f o i l s  were  made from 
s tock  0.020 and 0.030 inch In th ickness ;  i n  the case of D c a n e l  X, air- 
f o i l s  were formed from s tock   th ickness   o f  0.030 and 0.040 fnch, as well 
as tapered  sheet that var i ed  i n  thickness from 0.040 inch a t  the blade 
base t o  0.020 inch a t  the t ip.  All the L-605 a i r f o i l s  were  fabricated 
from uniform  0.030-inch-thick  material. 

Methods of  at tachment.  - Two methods of attachment  between a i r f o i l  
and base w e r e  considered: w e l d i n g  and  brazing. It was intended that 
b o t h  methods  should be inves t iga ted ,   a l though it was anticipated that 
the t i t an ium  p re sen t  in Inconel  X would make b r a z i n g   d f f f i c u l t  in the 
case of that a l l o y .  No attempt was made t o  t e s t  brazed attachment  of 
the N-155 a i r f o i l s .  The ev iden t   supe r io r i ty  of L-605 i n  welded attach- 
ment r e s u l t e d   i n  a concentrat ion of reseazch e f f o r t  on the inves t iga t ion  
of attachment by b r a z i n g   f o r   a i r f o U - s  of th is  a l l o y .  ” 

d In the welded attachment,  the heliarc prmess was used. A rod of the 
same alloy a8 the a i r f o i l  was employed,  and helium was directed i n t o  the 
i n t e r i o r  of the a i r f o i l   d u r i n g   w e l d i n g  in order t o  provide a n   i n e r t  
atmosphere. 

The material u s e d   i n  the braz ing   process  was Nicrobraz. Detailed 
information on this subj ,ect  and on the methods of app l i ca t ion  are con- 
t a i n e d   i n   r e f e r e n c e  4. SeGera l   de fe ren t   t echn iques  w e r e  employed i n  
the course of the p resen t   i nves t iga t ion .  A f r f o i l s  were pos i t ioned  on 
the bases by tack-welding,  and the braz ing  process was ccnqpleted in 
either hydrogen  atmosphere, vacuum, o r  In a salt bath. One attempt 
was made t o  braze an a i r f o i l   w i t h o u t  prior tack-welding. 

The blades  were inserted in the t u r b l n e  wheel of a J47-25 engine. 
The hol low  turb ine  blades were opera- in the engine  in  groups  Varying 
from two t o  six blades, placed a t  va r ious   l oca t ions  i n  the tu rb ine  wheel, 
with standard solid blades making  up the remainder  of the blade 
c unplement . 

- A special thin shroud  sect ion was used t o  reduce the *act damage 
after a failure. 
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Procedure of engine  operat ion  consis ted of g r a d u a l   a c c e l e r a t i o n   t o  
rated turbine  speed,  7950 r p m .  Taii-pipe  temperature was a d j u s t e d   t o  
1260° F and  operation was c o n t i n u e d   u n t i l   f a i l u r e  of a t u r b i n e  blade 
o c c u r r e d   o r   u n t i l  it was considered that the objec t ives   o f  the  program 
would no t  be served by fu r the r   ope ra t ion .  

The r e s u l t s  of the exper imenta l   inves t iga t ion  axe presented in 
table 1. The order of l i s t i n g  is not   chronologica l  in all cases. For 
convenience i n  d iscuss ion ,  the tests of B-155 and  Inconel X may b,e con- 
sidered toge ther ,  on the basis of similarity in construction  and mech- 
a n i s m  of f a i l u r e .  

c 

In 

M 3 

T e s t s  of N-155 and Inconel  X. - The initial engine  operat ion of 18-155 
blades with wall thickness of 0.020 inch was terminated by a b l a d e  fall- 
u r e  after 23  minutes a t  rated  speed and temperature. The f a i l u r e   o r i g i n -  
ated i n  the t r a i l i n g  edge a t  t h e  welded  juncture  between  airfoil   and base, 
as shown fn figure 2. - 

There were fa t igue   c racks  at t h e  t ips  of the other blades of 0.020- - 
inch  wall thickness,   and i n  the subsequent N-155 test  blades, the wall 
thickness was made 0.030 inch.  These blades withstood  operat ion for 6 
minutes .   Fai lure  was a t t r i b u t a b l e   t o  weld f a i l u r e  a t  the base. 

L 

Service-opera t ion   h i s tory  was similar i n  the case of t h e   b l a d e s  
formed f’rm 3hconel X. A blade u i t h  0.030-Inch w d l  th ickness  failed 
after 31 minutes (f ig,  3(a)); another  blade formed *om material of 
0.040-inch  thickness was destroyed after 1 hour  and 31 minutes (fig.  
3(b) 1. An attempt t o  alleviate stress f a i l u r e  by the use  of tapered  
s tock  was unsuccessful ;  fa i lure  occurred after 1 hour  and 45 minutes. 
Figure 4 shows an undamaged blade toge the r  with the one t h a t  failed. 
The f a i l u r e s  w e r e  a t t r i b u t e d   t o  a lack of e t r e n g t h   i n  the weld between 
t h e   a i r f o i l  and base. 

T e s t s  of L-605. - More favorable r e s u l t s  were obtained f’rom the 
engine  operation of the L-605 bladea.  Two blades  with welded base 
attachment were t e s t e d :  One blade failed at the base after 33 hours and 
3 minutes; a second blade W&S removed frm the turbine  because of mech- 
a n i c a l  impact damage after 32 hours and 17 minutes. 

In the i n i t i a l   e n g i n e   o p e r a t i o n  of L-605 blades brazed t o  s t u b  
bases, a service l i f e  was obtained of 15 hours and 39 minutes. The 
f a i l u r e   o c c u r r e d   i n  the cen t r a l   r eg ion  of the a i r f o i l .   F i g u r e  5 shows 
th is  blade toge the r  with one tha t  had received impact damage. 
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The construction of the blades was altered slightly f o r  the remainder 
of the  investigation. The s tub  bases were reduced t o  0.13 inch i n  height, 
and the vibrat ion damper was abandoned. Examination of previous  failures 
indicated  that  the danper was not qerat ing  effect ively.  

Several  variations in brazing  technique were employed i n  the base 
attachment. These appear i n  table I and a more complete discussion may 
be found i n  reference 4. Service-aperation l i f e   p r io r  t o  faflure Varied 
from l l  hours and 2 minutes t o  40 hours asd 2 minutes where the   a i r fo i l s  
were tack-welded to   the bases prior t o  brazlng. Data w e r e  incomplete O n  
several  blades as a result of a compressor failure. 

w P 
% 

The blade that  was not positioned by tack-welding befme  brazing 
failed after 7 hours and 46 minutes. It was found on examination that 
the  quality of the brazed joint  was re lat ively poor. 

CONCLUSIONS 

An investigation was init iated t o  determine the  feasibil i ty of using 
hollow blades f o r  lightweight t u r b i n e  wheels. Service l i f e  was t o  be 
commensurate with the  requirements assumed for an expendable missile 
application. 

Ai r fo i l s  were fabricated from sheet material, and techniques of 
attachment between a i r f o i l  and base w e r e  tested. Three materials were 
used f o r  the  airfoils:  N-155, Inconel X, and L-605. The airfoils were 
attached to turbine-blade  bases by welding o r  brazing, and the complete 
blades were operated t o  destruction  in an engine at a turbine speed of 
7950 r p m  and a tail-pipe  temperature  of 12W0 F. 

On the  basis of the results obtained from the  investigation, it 
appeared that L a 5  proved to be more  satisfactory  than either N-155 
or  Inconel X. The use of tapered blade w a 2 b  did not afford sufficient 
reduction in centrifugal stress t o  overcome the problem of weld-attachment 
failure.  Tack-welding of a i r fo i l s  to bases prior t o  brazing appeazed t o  
be a satisfactory method  of holding  base and airfoi l   in   correct   posi t ion 
during the  process. 

It was found tha t   se rv ice   l i fe  of the E605 blades ranged from l l  
t o  40 hours. The results indicate  reasonable promise f o r  hollow blades 
formed from sheet stock  to be satisfactory f o r  use in  turbines designed 
for short  service l i f e  when material  properties  are  equivalent o r  superior 
t o  L-605 of  0.030-inch uniform thickness. 

L e w i s  Flight Propulsion Laboratory 
National Advisora Committee f o r  Aeronautics 

Cleveland, Ohio, December 7, 1953 
* 
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TmIB X .  - RESULTS OBTAINBII FRMl ENGINE OPERATION OF H O W  TURBIHB BLADE AT 

TUABINE SPEED OF 7860 rpm AND TAJL-PIPE TWIPERATEXE OB 1260' F 

Ikscr ip t ion  of fabr ica t ion  P 
All-welded  with  vibration damper 

All-welded  with  vibration damper 
All-welded  with  vibration damper 

Nl-welded  wlth  vibration damper 

All-welded  with  vibration damper 
All-welded  with  vibration damper 
All-welded with vibrat ion damper 

All-welped  with  vibration damper 
All-welded  wlth  vibration damper; heat- t reated 

All-welded  with  vibratian dampep; heat- t reated 
All-welded  with  vibration damper'; heat- t reatad 
Tapered wall f r o m  base   to  t i p  
All-welded  with v i b r a t i m  damper; heat- t reated 
Tapered wall f r a  base t o   t i p  
All-welded  with  VibratiM damger 

All-welded  with  vibratian  damep 
Welded sirPo11 vaouum brazed to 0.25-in.  otub 

Welded a i F f o i l  vacuum brazed  to  0.25-in.  stub 
with  vibration damper 
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with  vibration damper 
Helded a i r f o i l  vacuum brazed to  0.13-in.   stub 
Welded a i r f o i l  vaouum brazed t o  0.13-in. stub 
Welded a i r f o i l  vacuum brazed t o  0.13-in.  stub 
Welded a i r f o i l  vaouum brazed t o  0.13-in. stub 

Welded a i r f o i l  hydrogen brazed to 0.13-in. stub 
Welded a i r r o i l  hydrogen brazed to   0 .13-ln.  stub 

Welded a i r f o i l   s a l t - b a t h   b r a z e d   t o  0.13-ln. stub,  
not taok welded t o  base p i o r   t o  brazing; 10 
perotnt  N i  added t o  braze 
Welded a i r f o i l  hydrogen brazed t o  0.13411. s tub 
Welded a i r f o i l  hydrogen brazed t o  0.13-in. stub 
Welded a i r fo i l   sa l t -ba th   b razed   to   0 .13- in .   s tub  
Welded a i r fo i l   sa l t -ba th   b razed   to   0 .13- in .   s tub  
Welfled airfoil sal t -bath  brazed  to   0 .134n.   s tub;  
acid-cleaned: 10 percent N i  added t o   b r e z s  
Waldsd a i r fo i l   a a l t -ba th   b razed   t o  0.19-111. stub; 
acid-cleanadr  brazed twlce 
Welded airfoi l   sa l t -bath  brazed  to   0 .13-in.   a tub;  
bi-aged t h r e e   t i m a  
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Reason for termination 
of blede operation 

Weld f a i lu re   i n   a t t achmen t  of 
,base at t r a i l i n  edge 

F a t i g u e   o r a c b   i n   b l a d e   t i p  
Fat igue  craoka  fn   blade  t ip  

Held f a i lu re   i n   a t t achmen t  of 
b a s e   t o   a i r f o i l  
Dsf in i te   o rac la  i n  weld a t  base 
Buspected  cracks i n  weld a t  base 
Weld failure in   a t tachment  of 

Removed; n o   v i s i b l e   f a i l u r e  
b a a s   t o   a i r f o i l  

Weld f a i lu re   i n   a t t aohmen t   o r  
bane t o   a i r f o i l  
Removed; no v i s i b l e  damage 
Weld fa i lure   in   a t tachment  of 
b a s e   t o   a l r f a i l  
Removed; impeat damage 

bane t o   a i r f o i l  
Weld f a i l u r e  in attaohment of 

Removed; impact d a m p  
A i r f o i l   f a i l u r e  in c e n t r a l   r e g k c  
or a i r r o i l  
Removed; impact damsee 

Braze   fa i lure  
Removed; no v i s i b l e  damahe 
Removed: no v i a i b l e  damaie 

B l a d i   t i p   f a i l u r e  
Bmze  fa i lure  

Engine failure; no v i a i b l e  damage 
Engine f a i l u r e )  no v i s i b l e  daimge 
Engine f a i l u r e ;  no   v i s ib le  damage 

Engine f a i l u r e ;  no v i s i b l e  damage 
Engine f a i l u r e )  no v i s i b l e  damage 

Engine f a i l u r e ;  no v i e i b l e  damage 

Engine f a i l u r e ;  no v i a i b l e  damage 
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Figure 1. - Exploded view a€ typical hollow turbine blade. - 
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Figure 2. - Failure of !?-E5 airfoil  (0.020-in. wall thlokneee). 
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c-34077 

F i g u r e  3. - Failure of Inconel X aWoi l .  



I 
Flgure 4. - Inconel X blade (0.040 - 0.020 in. tapered wall) before and af ter  failure due t o  opezutim. 
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